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TITLE OF THE INVENTION 

POINT EMISSION TYPE LIGHT EMITTING ELEMENT AND 
CONCENTRATING POINT EMISSION TYPE LIGHT EMITTING ELEMENT 

5 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a point emission type 
light emitting element having a light emitting area restricted 
within a tiny region, and to a concentrating point emission type 
10 light emitting element that concentrates light emitted thereby 
and outputs the light through a tiny region. 

2. Description of the Related Art 

The present applicant already developed nitride 
semiconductor light emitting diodes that emit blue and green 

15 light with high output power and are used in practical 
applications as light sources for large image display 
apparatuses . The ni tride semiconductor light emitting element 
is manufactured, for example, by forming p-type and n-type ohmic 
electrodes on a multi-layer semiconductor film that is formed 

20 from a nitride semiconductor of GaN, A1N, InN or a mixed crystal 
thereof on a sapphire substrate, and separating the elements 
into chips by such processes as cleaving, RIE etching or dicing. 
The light emitting element made as described above emits light 
not only from a light emitting layer but also from cut-off 

25 surfaces and principal plane of the substrate after causing the 
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light to repeat transmission through the other semiconductor 
layers and in the substrate, refraction and reflection therein. 

In recent years, there have been increasing demands for 
light emitting elements that restrict the light emitting area 
5 within a microscopic region for such applications as the light 
sources for optical communication, electrophotography and 
virtual reality display. To meet these demands, nitride 
semiconductor light emitting elements of various constitutions 
have been proposed with the light emitting area restricted 

10 within a microscopic region. 

An end face emitting type light emitting element has been 
proposed as a light emitting element having microscopic light 
source. The end face emission light emitting element employs 
double heterojunction structure wherein a light emitting layer 

15 is sandwiched by forming p-type and n-type semiconductor layers 
that have wide band gap, as the basic structure similarly to 
a semiconductor laser. For example, an end face emission type 
light emitting diode made of nitride semiconductor employs 
separation-confinement heterojunction structure (SCK) based 

20 on AlGaN/GaN/InGaN, 

However, in the constitution of the proposed light 
emitting element that restricts the light emitting area within 
a microscopic region, a high accuracy of patterning is required 
to restrict the light emitting area within the microscopic 

25 region, and an advanced photolithography technology must be 
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used. This results in the problem that the light emitting 
element that restricts the light emitting area within the 
microscopic region cannot be provided at an economical price. 
Although the end face emission type light emitting diode 
5 can be made with small spot size, multi-mode light emission is 
produced since light is emitted not only from the end face of 
the light emitting layer but also from the end faces of the n-type 
semiconductor layer formed nearer to the substrate than the 
light emitting layer, thus making it unsuitable for such 
U 10 applications as a single spot of good near-field pattern is 
required. 

fl SUMMARY OF THE INVENTION 

H 5 Thus, a first object of the present invention is to 

O 15 provide a point emission type light emitting element that 

CP 

H restricts the light emitting area within a sufficiently tiny 

p region and can be manufactured at a low cost, and a method of 

manufacturing the same. 

A second object of the present invention is to provide 
20 a concentrating point emission type light emitting element that 
produces a single spot light of good near-field pattern with 
a high efficiency of light emission. 

The point emission type light emitting element according 
to the present invention to meet the first object described 
25 above is a light emitting element that has stripe ridge 



- 3 - 



021 11143}) AOYAMA 4 PARTNERS 

i i 



NO, 5 93 5 P. 7 



comprising an n-type layer, an active layer and a p-type layer 
that are formed from semiconductors on a substrate, so as to 
emit light from one end face of the stripe ridge, wherein the 
stripe ridge has a protruding portion on the end face described 
5 above and the surface of the light emitting element is covered 
with an shading film except for the tip of the protruding 
portion. 

In the point emission type light emitting element of the 
present invention constituted as described above, since the 
10 surface of the light emitting element is covered with the 
shading film except for the tip of the protruding portion, light 
emitting area can be restricted to the tip of the protruding 
portion. 

Therefore, according to the present invention, light can 
15 be emitted only from the tip of the protruding portion, and the 
light emitting area can be made extremely small by setting the 
width of the protruding portion in accordance to the light 
emitting area that is required. 

Also because the surface of the light emitting element 
20 is covered with the shading film except for the tip of the 
protruding portion, leakage of light from other portions than 
the tip of the protruding portion can be suppressed, thereby 
increasing the efficiency of light emission. 

Also the n-type layer, the active layer and the p-nype 
25 layer of the point emission type light emitting element of the 
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present invention can be formed from nitride semiconductors, 
which makes it possible to emit light of relatively short 
wavelength. 

The method of manufacturing the point emission type light 
5 emitting element according to the present invention is, in order 
to achieve the first object described above, a method of 
manufacturing the point emission type light emitting element 
by forming a plurality of elements on the substrate and dividing 
the substrate with layers formed thereon into individual 
H 8 10 elements, and comprises a step of forming the n-type layer, the 
O active layer andthep-type layer on the substrate one on another, 

gji a step of forming stripe ridge that has a neck portion formed 

T d near one end thereof having narrower width than the other 

portion in correspondence to the elements described above, a 
15 step of forming shading films at least on one end face of the 
H stripe ridge and the top surface and both side faces of the neck 

D portion, and a step of dividing the elements at the neck portion 

n i-i 

along a direction perpendicular to the longitudinal direction 
of the stripe ridge. 

20 According to the method of manufacturing the point 

emission type light emitting element of the present invention 
constituted as described above, the light emitting element 
having the light emitting area restricted within a riny region 
located at the end of the stripe ridge can be easily manufactured, 

25 and the light emitting area that has extremely small light 
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emitting area can be manufactured at a low cost. 

The concentrating point emission light emitting element 
according to the present invention to meet the second object 
described above is a surface emission type light emitting 
5 element made in stacked semiconductor structure of double 
heterojunction structure wherein an active layer is sandwiched 
by a p-type semiconductor layer and an n-type semiconductor 
layer that have band gap larger than that of the active layer 
so as to emit light from a light emitting point located in the 
M ! 10 surface of the p-type semiconductor layer, where such a 
p pyramidal surface is provided in the stacked semiconductor 

X structure located right below the light emitting point that 

fl reflects the light upward or refracts the light, the stacked 

semiconductor structure is divided into a plurality of light 
15 emitting regions located around the pyramidal surface that is 
M- at the center, and ridges of smaller width than the light 

O emitting region are s formed on the p-type semiconductor layer 

so that light emitted from the light emitting regions is 
directed toward the pyramidal surface. 
20 In the concentrating point emission type light emitting 

element of the present invention constituted as described above, 
since the waveguide is formed in each of the light emitting 
regions, that light emitted in the light emitting regions is 
directed toward the light emitting point so as to be reflected 
25 or refracted by the pyramidal surface and is output through a 
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narrow region, and therefore the element can be used as a point 
light source. 

The concentrating point emission type light emitting 
element of the present invention is also capable of emitting 
5 light with a high luminance since light emitted, in all light 
emitting regions is concentrated and output together. 

Moreover, since the concentrating point emission type 
light emitting element of the present invention can concentrate 
light into a small region and output the light therefrom, a light 
10 spot of single mode having good near field pattern can be 
produced . 

In the concentrating point emission type light emitting 
element of the present invention, the plurality of light 
emitting regions can be formed by separating the light emitting 

15 regions from each other by etching the borders between adjacent 
light emitting regions to a depth midway in the n-type 
semiconductor layer in the stacked semiconductor structure 
except for the light emitting point and a vicinity thereof, and 
forming n-type electrode on the n-type semiconductor layer that 

20 has been exposed by etching. 

In the concentrating point emission type light emitting 
element of the present invention, the pyramidal surface can be 
constituted from a pyramidal cavity that has an apex located 
in the light emerging direction and is formed in the stacked 

25 semiconductor structure. 
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Moreover, in the concentrating point emission type light 
emitting element of the present invention, the pyramidal 
surface can also be formed by filling a recess of pyramidal shape, 
that expands toward the light emerging point and is formed so 
5 as to reach at least the n-type semiconductor layer in the 
stacked semiconductor structure, with a transparent material 
having a refractive index higher than that of the active layer. 

In the concentrating point emission type light emitting 
element of the present invention, the pyramidal surface is 
10 preferably a conical surf ace, which makes it possible to produce 
spot light of near true circle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the constitution of 
15 a nitride semiconductor light emitting element according to 
first embodiment of the present invention. 

Fig. 2 is a perspective view after nitride semiconductor 
layer that constitutes the element is formed on a sapphire 
substrate in the manufacturing process of the nitride 
20 semiconductor light emitting element according to the first 
embodiment of the present invention. 

Fig. 3 is a perspective view after a ridge stripe and 
element regions are formed by etching in the manufacturing 
process of the nitride semiconductor light emitting element 
25 according to the first embodiment of the present invention. 
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Fig. 4 i s a perspective view after a p-type electrode and 
an n-type electrode are formed in the manufacturing process of 
the nitride semiconductor light emitting element according to 
the first embodiment of the present invention. 
5 Fig. 5 is a perspective view after a p pad electrode and 

an n pad electrode are formed in the manufacturing process of 
the nitride semiconductor light emitting element according to 
the first embodiment of the present invention. 

Fig. 6 is a perspective view after an shading film is 
10 formed to cover the top surface of the element in the 
O manufacturing process of the nitride semiconductor light 

ffl emitting element according to the first embodiment of the 

s 

hj present invention. 

Fig. 7 is an enlarged perspective view showing the end 
15 of the ridge stripe in the nitride semiconductor light emitting 
element according to the first embodiment of the present 
invention. 

Fig. 8 is a partial plan view of a concentrating point 
emission type light emitting element according to second 
20 embodiment of the present invention. 

Fig. 9 is a sectional view taken along lines A-A r of Fig. 

8. 

Fig. 10 is a sectional view taken along lines B-B' of Fig. 

8. 

25 Fig. 11 is a sectional view of stacked semiconductor 
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structure grown in the manufacturing process of the 
concentrating point emission type light emitting element 
according to the second embodiment of the present invention. 

Fig. 12 is a plan view of the stacked semiconductor 
5 structure after forming a light emitting region therein in the 
manufacturing process of the concentrating point emission type 
light emitting element according to the second embodiment of 
the present invention. 

Fig. 13 is a plan view after forming a ridge in each light 

N= 10 emitting region in the manufacturing process of the 

O 

p concentrating point emission type light emitting element 

p according to the second embodiment of the present invention. 

f : l Fig. 14 is a plan view after forming a p-type electrode 
in each light emitting region and an n-type electrode between 

y 15 adjacent light emitting regions in the manufacturing process 

y = 

H; f or the concentrating point emission type light emitting 

O element according to the second embodiment of the present 

invention. 

Fig. 15 is a plan view after forming an insulation film 
20 113 that fills the light emitting region in the manufacturing 
process for the concentrating point emission type light 
emitting element according to the second embodiment of the 
present invention. 

Fig, 16 is a plan view after forming p pad electrodes that 
25 connect the p-type electrodes of all light emitting regions in 
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the manufacturing process for the concentrating point emission 
type light emitting element according to the second embodiment 
of the present invention. 

Fig. 17 is a plan view showing the electrodes arrangement 
5 in the concentrating point emission type light emitting element 
according to the second embodiment of the present invention. 

Fig. 18 is a sectional view showing the constitution of 
a refracting pyramidal surface of a variation according to the 
present invention. 
10 Fig. 19 is a plan view showing the light emitting region 

of a variation according to the present invention. 

Fig. 20 is a sectional view showing the constitution of 
a cavity 152b (opening at the top) of a variation according to 
the present invention. 
15 Fig. 21 is schematic sectional view showing the state of 

emitting light in the case of using a cavity closed at the top 
(a) and in the case of using a cavity open at the top (b) . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 Now the point emission type light emitting element 

according to preferred embodiments of the present invention 
will be described below with reference to the accompanying 
drawings . 
Embodiment 1 

25 The point emission type light emitting element according 
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to the first embodiment of the present invention is a nitride 
semiconductor light emitting diode. The point emission type 
light emitting element has such a constitutions as an n-type 
layer 12, an active layer 13 and a p- type layer 14 that are formed 
5 from nitride semiconductors on a substrate 10 made of sapphire 
via a buffer layer 11, with a stripe ridge 20 that has a 
protruding portion 21a being formed on one end face thereof, 
while being covered with an shading film 31 substantially 
entirely except for the tip of the protruding portion 21a, as 
10 shown in Fig. 1 . The point emission type light emitting element 
Q is manufactured as described below. 

m First, as shown in Fig. 2 r the buffer layer 11 made of 

\ji GaN grown at a low temperature, for example, the n-type layer 

12 made of GaN doped with Si, for example, the active layer 13 
% 15 made of InGaN, for example, and the p-type layer 14 made of GaN 
H doped with Mg, for example, are formed successively on the 

y substrate 10. 

Then stripe ridges 20 are formed in regions that 

correspond to the elements, and 2-step etching operation is 
2 0 carried out as described below in order to define the element 

regions . 

In the first etching process, a first mask is formed in 
a region where the stripe ridge 2- would be formed, and Lhe 
portion not covered by the first mask is etched by reactive ion 
25 etching (RIE) midway in depth of the n-type layer 12. The first 
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mask used in the first etching process is formed in such a 
configuration as portions that correspond to front and back 
sides of a cleavage surface located on one end of the stripe 
ridge 20 are made narrower than the other portions, so that a 
5 narrow neck portion 21 is continuously formed on the end face 
of the stripe ridge 20 after etching. 

Longer axis of the stripe ridge 20 and longer axis of the 
neck portion 21 preferably agree with each other. 

Width of the stripe ridge is not limited to a particular 

H 10 value, but is preferably in a range from 1 to 100 /im, and more 

D 

p preferably in a range from 5 to 50 fim. When the width is less 

y5 

m than 1 At*, it is difficult to precisely form the stripe ridge 

fl 20 and the narrower neck portion 21 by etching. When the width 
is greater than 100 a m, loss of light due to the nitride 

15 semiconductor increases when the light generated in the active 

H layer is directed through the ridge 20 that is wider. When the 

=3 width is 5 or greater, the stripe ridge 20 and the narrower 

; : :! 

neck portion 21 can be formed precisely by etching, and width 
within 50 /zm makes it possible to minimize the loss of light 
20 and cause the light to emerge through one end face. The width 

is set to 20 //m in this embodiment. 

According to the present invention, there is no 
limitation to the width of the neck portion 21 that can be 
determined by setting the stripe width and particularly the 
25 width of the end face that is obtained at the last, so that a 
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light source of desired small size can be formed. Stripe width 
at the neck portion 21 is preferably set in a range from 1 to 
10 /xm. When the width is less than 1 jam, it is difficult to 
precisely form the neck portion 21 by etching. Width greater 
5 than 10 /xm is not suitable for the tiny light source. Width 
of the neck portion 21 is set in a range from 2 to 3 urn in this 
embodiment. According to the present invention, there is also 
no limitation to the length of the neck portion 21 that can be 
set so that it is convenient for cleaving operation to obtain 
y, 10 the end face. Specifically, the length is preferably set in 
p a range from 1 to 50 jum, and more preferably in a range from 

Si 5 to 30 ^m. When the length is less than 1 jim, there arises 

'f : l a problem related to the accuracy in etching. Length of 5 n 

m or larger makes it possible to cleave at the neck portion 21 
15 where there is less probability of defects being included. When 
M cleaving a material such as sapphire that is different from the 

Q nitride semiconductor, there is a possibility of cleaving to 

take place at a wrong place, and a length less than 5 u m increases 
the possibility of much cleavage defects to occur in the neck 
20 portion 21, that can be reduced by setting the length to 5 ji 
m or larger. Although cleavage can be carried out without 
increasing the number of cleavage defects when the length is 
larger than 50 /zm, this reduces the number of chips produced 
per wafer. When the length is 30 jum or less, good cleavage 
25 and satisfactory yield of production can be achieved, while 
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securing a certain number of chips produced per wafer. The 
length is set to 10 p in this embodiment . 

In the second etching process, a second mask is formed 
over the area except for the separation regions where the 
5 elements are to be divided, leaving the first mask used in the 
first etching process to remain, and the nitride semiconductor 
layer is removed from the separation regions by etching midway 
in depth of the buffer layer 11 or to the surface of the substrate 
10. 

10 Thus the 2-step etching process results in the element 

regions each having the stripe ridge 20 and the neck portion 
21 being formed in correspondence to the elements to be 
separated (Fig, 3) . 

Then as shown in Fig. 4, a p-type ohmic electrode 41 is 

15 formed on the p-type layer 14 of the stripe ridge 20, and an 
n-type ohmic electrode 43 is formed on the surface of the n-type 
layer that is exposed on the outside of one side face of the 
stripe ridge 20. 

The entire surface of the wafer is covered with a Si0 2 

20 film (not shown) except for the top surface of the p-typc ohmic 
electrode 41 and the top surface of the n-type ohmic electrode 
43 of each electrode region* Then a p pad electrode 42 is formed 
in contact with the p-type ohmic electrode 41 that is exposed 
through the opening in the Si0 2 film, and an n pad electrode 

2 5 4 4 is formed in contact with the n-type ohmic electrode 43 that 
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is exposed through the opening in the Si0 2 film (Fig, 5). 

As shown in Fig. 5, the n pad electrode 44 is formed so 
as to overlap with the n-type ohmic electrode 43, and the p pad 
electrode 42 is formed so as to mako contact with p-type ohmic 
5 electrode on the top surface of the stripe ridge 2 0 and extend 
therefrom over the other side face of the stripe ridge 20 and 
over the Si0 2 film located on the outside of the side face. 

Then a mask is formed to cover the n pad electrode 44 and 
the vicinity thereof and the p pad electrode 42 and the vicinity 
10 thereof. The mask is used to form a metal film (shading film) 
of Cr/Au (Au film formed over a thin film of Cr) covering the 
entire wafer with a vapor deposition or sputtering apparatus. 
Thus the shading film 31 is formed to cover substantially the 
entire surface of the wafer including one side face of the stripe 
15 ridge 20 and both side faces of Lhe neck portion 21. 

At this time, the top surface of the wafer is covered by 
either the n pad electrode 44, the p pad electrode 42 or the 
shading film 31 except for the small areas of the n pad electrode 
44 and the vicinity thereof and Lhe p pad electrode 42 and the 
20 vicinity thereof. 

The shading film 31, the n pad electrode 44 and the p pad 
electrode 42 are electrically isolated around the n pad 
electrode 44 and around the p pad electrode 42. 

Then the wafer is divided into individual elements and 
25 the shading film 31 is formed on the side faces of the substrate 
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10 after separation. 

The wafer having the shading film 31 formed on the top 
surface thereof is stuck on a heat sensitive sheet with the 
electrode surface (top surface) facing the sheet, and the wafer 
5 is scribed on the back surface ♦ 

The scribe line perpendicular to the longer side of the 
ridge stripe 20 is formed at such a position as cross the neck 
portion 21 at right angles at the center of the neck portion 
21. 

10 After sticking the scribed back surface of the wafer onto 

a die bonding sheet, the heat sensitive sheet is peeled off the 
wafer surface. 

The individual element chips are separated from each 
other with a space produced in between by pulling the die bonding 

15 sheet to expand evenly in all directions. 

The end face at the tip of the protruding portion 2ia of 
each chip that has been separated is a cleavage surface created 
after forming the shading film 31 on the top surface of the wafer, 
and therefore is not covered by the shading film. 

20 Then the electrode surfaces of the chips are pressed 

against an adhesive layer of an adhesive sheet, with the 
adhesive layer being 10 fim thick, to be stuck thereon while 
maintaining the distance between the chips, and the die bonding 
sheet is removed. At this time the chips are arranged on the 

2 5 adhesive sheet in an array with a predetermined distance from 
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each other and the hack surface of the sapphire substrate 11 
facing up. Each chip is secured onto the adhesive sheet with 
the electrode surface being pressed against the adhesive layer 
with a relatively large force, while providing masking function 
5 to prevent the shading film from being formed on the top surface 
of the chip, particularly on the end face of the protruding 
portion 21a of each chips during the process of forming the 
shading film on the back surface and the side faces of the 
substrate . 

M= 10 Then the chips arranged on the adhesive sheet in an array 

p with a predetermined distance from each other with the back 

gj surface of the substrate facing up are set in a vapor deposition 

l~a or sputtering apparatus, where a Cr film (600 A thick, for 

I example) and an Au film (2400 A thick, for example) are formed 

!f 15 successively, thus forming the shading film 31 on the back 

surface and the side faces of the substrate. 
O In the process described above, the nitride semiconductor 

light emitting elements are manufactured in the form of 
separated chips that are substantially totally covered, except 
20 for the end face of the protruding portion 21a formed to protrude 
from one end face of the stripe ridge 20, by either the n pad 
electrode 44, the p pad electrode 42 or the shading film 31 that 
shield light. 

This provides the point emission type light emitting 
25 element that is capable of emitting light on one end face of 
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the stripe ridge, or further from limited region of the end face 
of the protruding portion 21a. 

The point emission type light emitting element of the 
first embodiment that emits light from the end face of the 
5 protruding portion 21a allows it to easily restrict the light 
emitting area within an extremely small region by forming the 
protruding portion 21a with a small width. 

That is, while it is difficult to restrict the light 
emitting area by forming the shading film in a predetermined 
10 pattern on the end face of the stripe ridge, the constitution 
jSj and the manufacturing method of the first embodiment makes it 

r? possible by a unique technique as follows: the narrow neck 

*fl portion 21 is continuously formed on the end face of the stripe 

yj 

^ ridge and cleavage is carried out at the neck portion 21 after 

O 15 forming the shading film, and the light emitting area is 

sT'ij 

^ restricted further within a narrow region on the light emitting 

p end face of the stripe ridge, so that the light emitting area 

can be easily restricted within an extremely small region. 

While the first embodiment has been described above, the 
2 0 present invention is not limited to the first embodiment and 
various modifications can be made and various materials can be 
used as described below. 
Variation of Embodiment 1 

For the substrate used in the present invention, 
25 insulating substrate such as sapphire or spinel (MgAl 2 0 4 ) that 
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has principal plane inCplane, R plane or Aplane, SiC (including 
6H, 4H, 3C} , ZnS, ZnO, GaAs, Si and oxide substrate that makes 
lattice matching with nitride semiconductor have been known as 
materials different from nitride semiconductor. Sapphire and 
5 spinel are preferably used. A nitride semiconductor substrate 
such as GaN and A1N can also be used. 

As the nitride semiconductor formed on the substrate, 
III-V group gallium nitride compound semiconductor materials 
can be used. For example, In x Al y Ga 1 .. Jt ._ y N (O^x^l, 0 ^ y ^ 

10 1, 0 ^ x + y ^ 1), and InAlGaBN, InAlGaNP and InAlGaNAs made 
by adding B to the III group element or substituting a part of 
V group element N with As or P can be used. Good light emitting 
layer can be obtained by using In u Al v Ga 1 _ u _ v N (0 < u < 1, O^v 
<1, 0^u+v<l). As the n-type impurity used for the nitride 

15 semiconductor of the present invention, IV group element such 
as Si, Ge, Sn, S, 0, Ti or Zr, or VI group element may be used. 
Good carrier can be generated by preferably using Si, Ge and 
Sn, and most preferably using Si. While there is no limitation 
to the p-type impurity, Be, Zn, Mn, Cr, Mg or Ca may be used, 

20 and Mg is preferably used. Thus the n-type nitride 
semiconductor and the p-type nitride semiconductor that 
constitute the n-type layer and the p-type layer can be formed. 

The relationship between the stripe ridge 2 0 and the neck 
portion 21 in the present invention is not limited to the 

25 configuration shown in Fig. 3, making the neck portion 21 
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narrower than the ridge stripe 20 so as to form the tiny light 
source of the desired shape and size on the neck portion. 

That is, while the stripe ridge 20 and the neck portion 
21 may be formed as a stripe of substantially uniform width as 
5 shown in Fig. 3, the stripe may also be formed in a tapered 
configuration with the width thereof varying with the position 
along the longitudinal direction. Specifically, the stripe 
may be formed in such a tapered configuration as the width of 
the stripe ridge 20 decreases toward the neck portion 21 and 

10 the end face along the longitudinal direction, thereby 
increasing the efficiency of extracting light by concentrating 
the light emitted by the stripe ridge 20 into the neck portion 
21. The stripe ridge 20 may be tapered over the entire length 
thereof or in a section thereof, for example from the joint with 

15 Lhe neck porLion 21 over some length along the stripe 20, as 
in the example described above. Similar configuration may be 
employed also for the neck portion 21. 

Although the ridge stripe of the present invention is 
formed midway in depth of the n-type layer 12 as shown in Fig. 

20 3, the present invention is not limited to this configuration, 
and the ridge stripe 20 may be formed by etching to such a depth 
that does not reach the active layer 13. When the ridge stripe 
20 is formed above the active layer 13, such a structure can 
be formed as degradation of the active layer 13 due to exposure 

25 to atmosphere is retarded. The effect of preventing 
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degradation of the active layer 13 becomes more conspicuous when 
the stripe is formed with a small width of 10 /xrn or less. On 
the other hand, since a desired tiny light source is made by 
using one end face of the neck portion 21 as a light emerging 
5 surface, it is preferable to etch into such a depth that reaches 
the n-type layer, deeper than the active layer 13. Etching 
depth in the neck portion 21 and in both sides of the stripe 
ridge 20 may be changed according to the functions thereof. 

While the stripe ridge 20 and the neck portion 21 join 

10 at a surface substantially perpendicular to the longitudinal 
direction of the stripe ridge 20, the present invention is not 
limited to this configuration. The stripe ridge 20 and the neck 
portion 21 may also be joined at a surface having an angle less 
than 90° from the longitudinal direction so that, for example, 

15 the joint is also tapered. This configuration makes it possible 
to efficiently direct light from the stripe ridge 20 to the neck 
portion 21, and improve the efficiency of extracting light by 
decreasing the loss of light due to reflection at the joint. 
There is no limitation to the shading film that may be 

2 0 made of any material as long as the light emitted by the light 
emitting element can be shielded, and TiO and SiO that absorb 
light and metals such as Cr, Ti/Pt, Ti, Ni, Al, Ag and Au may 
be used. Also at least one kind selected from among a group 
consisting of Si0 2 , Ti0 2 , Zr0 2 , ZnO, Al 2 0 3 , MgO and polyimide may 

25 be used to form a multi-layer dielectric film comprising films 



- 22 - 



2 0 0 2^ \mn AOYAMA k PARTNERS 



NO. 6 93 5 P. 26 



l/4n thick [X is wavelength and n is the refractive index of 
the material) of such a material. 

Furthermore, the present invention is not limited to 
nitride semiconductor . 
5 According to the present invention, as described above, 

various modifications and various materials can be used to 
achieve the effects of the first embodiment. 
Embodiment 2 

Now a concentrating point emission type light emitting 
y, 10 element according to the second embodiment of the present 
q invention will be described below with reference to the 

iS accompanying drawings . 

r\ The concentrating point emission type light emitting 

element of the second embodiment has a plurality of light 
15 emitting regions 20 0 formed in radial direction around a light 
H : emitting point 150 located at the center thereof as shown in 

D Fig- 8 ' so that light emitted by the light emitting regions 200 

is directed through waveguides formed in the light emitting 
regions 200 to near the center of the radial configuration and 
20 emerges from the light emitting point 150, 

In the concentrating point emission type light emitting 
element of the second embodiment, the light emitting regions 
200 are formed by etching a stacked semiconductor structure, 
consisting of a buffer layer 102 , an n-type contact layer 103, 
25 an n-type cladding layer 104, an active layer 105, a p-type 
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cladding layer 106 and a p-type contact layer 107 formed one 
on another successively on a substrate 101, until the n-type 
contact layer 103 is exposed in a radial pattern with the light 
emitting point 150 located at the center thereof (Fig. 8 through 
5 • Fig. 10) . 

Thus a plurality of the light emitting regions 200 having 
the stacked semiconductor structure are formed, consisting of 
the buffer layer 102, the n-type contact layer 103, the n-type 
cladding layer 104, the active layer 105, the p-type cladding 

M 10 layer 106 and the p-type contact layer 107 formed one on another 

D 

p successively on the substrate 101, where the waveguides are 

m directed toward the light emitting point 150 radially, with the 

f s = n-type contact layer 103 being exposed between adjacent light 

L-3. 

emitting regions 200 (Fig. 8, Fig. 10) . 
15 According to the second embodiment, the active layer 105 

u § 

f* is made of InGaN, for example, while the n-type cladding layer 

p 104 and the p-type cladding layer 106 are made of AlGaN, for 

example, that has larger band gap than the active layer 105, 
and the light emitting regions 2 00 have double hetero junction 
20 structure. In the second embodiment, the active layer 105 can 
be formed in various structures such as multiple quantum well 
structure and single quantum well structure, and the mixing 
ratio of Al in the n-type cladding layer 104 and in the p-type 
cladding layer 106 may be set to an appropriate value by taking 
25 account of such factors as the confinement of light in the 
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longitudinal direction. Further according to the second 
embodiment, in order to improve the crystalline ty, a base layer 
may be formed by lateral growth so as to form the n-type cladding 
layer 104, the active layer 105 and the p-type cladding layer 
5 106 thereon. 

In the light emitting regions 200 of the concentrating 
point emission type light emitting element of the second 
embodiment, a ridge 13 0 is formed by etching the p-type 
semiconductor layers (the p-type cladding layer 10 6 and the 

10 p-type contact layer 107) on both sides thereof midway in depth 
of the p-type cladding layer 106 so that the middle portion of 
a predetermined width remains, and a p-type electrode 111 is 
formed to make ohmic contact only with the top surface of the 
ridge 130 {surface of the p-type contact layer 107 in the ridge 

15 130) via an opening of the insulation film 108 (Fig, 8, Fig. 
10) . 

With this constitution, the active layer located right 
below the ridge 130 has an effective refractive index higher 
than that of the active layer on both sides thereof so that light 
20 is confined right below the ridge 130 and is directed along the 
ridge 130. 

Width of the ridge is preferably set in a range from 1 
to 5 fim, more preferably in a range from 1.5 to 3 jum, in order 
to effectively direct the light. 
25 Confinement of light in the direction of depth is achieved 
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by sandwiching the active layer 105 with the n-type cladding 
layer 104 and the p-type cladding layer 106 that have lower 
refractive index. 

According to the second embodiment, it is preferable to 
5 form a mirror film for reflecting the light on the end face (used 
for monitoring and therefore hereinafter referred to as 
monitoring end face) located opposite to the light emitting 
point 150 of the light emitting region 200. The mirror film 
formed on the monitoring end face makes it possible to reduce 

10 the loss caused by unnecessary radiation and improve the 
efficiency of light emission, since light reflected on the end 
face can be output through the light emitting point 150. In 
the case of this constitution, light reflected on the monitoring 
end face can be amplified and output through the light emitting 

15 point depending on the conditions, so that more effective light 
emission can be achieved. The mirror film may be a multi-layer 
dielectric film made of Si0 2 and Ti0 2 , with the film thickness 
preferably set to nX/A (n=l, 2, 3..., A is wavelength of light 
in the dielectric material) , and preferably consist of two or 

20 more pair of the layers in order to achieve satisfactory 
reflection characteristic. Further in the second embodiment, 
it is preferable to form the mirror film from the same material 
as the insulation film 113 at the same time therewith in the 
same process, so as to simplify the manufacturing process and 

25 reduce the manufacturing cost. 
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According to the second embodiment, the n-type electrode 
112 is formed on the n-type contact layer 103 that is exposed 
between adjacent light emitting regions 200 (Fig. 8, Fig. 10) . 
Also according to the second embodiment/ a cavity 152 of 
5 conical shape that has an apex located in the direction of 
emerging light is formed in the stacked semiconductor structure 
right below the light emitting point 150 as shown in Fig, 9, 
so that light emitted in the light emitting regions 200 is 
reflected on the conical surface 153 of the cavity 152 upward 

10 and is output through an opening (the light emitting point 150} 
of the p-type electrode 111. 

Now the method of manufacturing the concentrating point 
emission type light emitting element of the second embodiment 
will be described below by making reference to examples of 

15 materials to be used. 

(Process to form a mask 151) 

According to this manufacturing method, a mask 151 is 
formed for the purpose of forming the cavity 152 on the substrate 
101 as shown in Fig. 11. 

20 According to the second embodiment, while insulating 

substrate such as sapphire or spinel (MgAl 2 0 4 ) that has principal 
plane inCplane, R plane or A plane, or semiconductor substrate 
such as SiC (including 6H, 4H, 3C) , Si, Zn, GaAs, GaN may be 
used, sapphire substrate or GaN substrate that can be grown with 

25 good crystallinity is preferably used when nitride 
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semiconductor is employed. 

The substrate 101 is preferably made of a material that 
has a refractive index higher than that of the semiconductor 
layer to be formed thereon by 0.2 or more. 
5 The mask 151 is exposed to a high temperature of 1000°C 

or higher when growing semiconductor layers in the following 
process, and therefore must be made of a material that does not 
decompose at such temperatures and does not allows the 
semiconductor to grow thereon. As such, SiO^, SiNT, W or the 

10 like can be used. 

The mask 151 is preferably formed in a round (cylindrical) 
shape, which makes it possible to form the cavity 152 of conical 
shape in the stacked semiconductor structure that produces spot 
light of near true circle. 

15 While diameter of the mask 151 is determined according 

to the required spot diameter, the mask diameter is preferably 
set in a range from 0.5 to 2 0 jzm, more preferably in a range 
from 1 to 10 /xm in order to obtain satisfactory light of single 
mode. 

20 (Process to grow the semiconductor layers) 

Then the buffer layer 102 having thickness of 200 A made 
of GaN, for example, an n-type contact layer 103a made of GaN 
having thickness of 4 jam doped with 4.5Xlo 13 /cm 3 of Si, for 
example, an n-type cladding layer 104a made of Al 0-1 Ga 0 9 N having 

25 thickness of 1 doped with lX10 18 /cm 3 of Si, for example, an 
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active layer 105a made of Tn o>37 Ga 0i63 N having thickness of 0.09 
/zm, for example, a p-type cladding layer 106a made of Al 0il Ga 0-9 N 
having thickness of 0.5 /im doped with 2X10 18 /cm 3 of Mg, for 
example, and a p-type contact layer 107a made of p-type GaN 
5 having thickness of 150 A doped with 1 X 10 18 /cm 3 of Mg, for example, 
are formed successively on the substrate 101 having a mask 
formed thereon (Fig. 11) . 

Through the process described above, the stacked 
semiconductor structure having the cavity 152 of conical shape 
M= 10 is formed on the mask 151 as shown in Fig, 11. 
p (Etching for forming the light emitting regions) 

m Then an Si0 2 film having thickness of 0.5 jam is formed 

on the stacked semiconductor structure by the plasma CVD process . 
This is followed by the formation of a plurality of fan shaped 
15 patterns in radial arrangement with the apex located at the 

Uii 

H- center of the mask 51 by photolithography technique, with the 

O Si0 2 film being etched by, for example, RIE process. The 

plurality (48 in this embodiment) of fan shaped light emitting 
regions 200 are formed by etching the portions not covered by 
20 the Si0 2 film by, for example, the RIE process until the n- 
type contact layer 103 is exposed (Fig. 5) . All the light 
emitting regions 200 are formed to have the same radial 
dimension and apex angle of the fan shape, and are connected 
to each other at the apex. The mask may be made of a material 
25 other than Si0 2 film, such as dielectric material including Sitt 
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or photo-resist material. Further, the mask may be formed by 
a process other than the plasma CVD, such as magnetron sputter 
or ECR process. 
(Formation of the ridge) 
5 After forming an etching mask (made of Si0 2/ for example) 

of uniform width (for example, 2 /xm wide and 0.5 /xm thick) for 
forming the ridges on the top surfaces of the light emitting 
regions 200, both sides of the etching mask are etched away 
midway in depth of the p-type cladding layer 106, thereby to 

H 10 form the ridges 130 in the light emitting regions 200 (Fig. 13) . 

p (Formation of the p-type electrode) 

m Then an insulation layer 8 (for example, Zr0 2 film having 

Qj thickness of 0.2 /rnior less) is formed to cover the portions 

r other than the top surfaces of the ridges in the light emitting 

!f 15 regions 200, and the p-type electrodes 111 axe formed so as to 

S - 

make ohmic contact with only the top surfaces of the ridges that 
D are exposed as shown in Fig. 14. 

The p-type electrodes 111 are formed from Ni (100 A) /Au 
(1500 A), for example, that can make good ohmic contact with 
20 the p-type GaN layer. 

(Formation of the n-type electrode) 

Then the n-type electrode 112 is formed on the n-type 
contact layer 103 that has been exposed between the adjacent 
light emitting regions (Fig. 14) . 
25 The n-type electrode 112 is formed from Ti (100 A) /Al 
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(5000 A), for example, that can make good ohmic contact with 
the n-type GaN layer. 

The n-type electrode 112 is formed over the entire surface 
of the n-type contact layer 103 (over-all electrode section) 
5 on the outside, with a predetermined distance in between, of 
the outer periphery (external arc) of the light emitting regions 
(outside of a circle having a radius a little larger than the 
radial dimension of the fan shaped light emitting regions) . 
Plural n-type electrodes 112 formed between the light emitting 

M= 10 regions are electrically connected with each other on the 

O 

O over-all electrode section. After forming the n-type 

m electrodes, it is preferable to apply annealing at a temperature 

LI ii 

{d not higher than 700°C. 

The over-all electrode section is used for the connection 
:S; 15 with outside circuits. 

f: (Formation of the insulation film 113} 

O Then the insulation film 113 is formed to fill the space 

between the light emitting regions, so as to entirely cover the 
n-type contact layer 103 that is exposed between the light 
20 emitting regions except for the top surface of the p-type 
electrode 111 (Fig. 10, Fig. 15) . 

The insulation film 113 is formed so as to cover part of 
the inner periphery and outer periphery of the over-all 
electrode section of the n-type electrode 112. That is, the 
25 insulation film 113 is formed so as to expose the main part the 
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over-al 1 electrode section of the n-type electrode 112, and the 
exposed portions of the over-all electrode section is used for 
the connection with outside circuits. 

In the second embodiment, the insulation film 113 also 
5 serves as the mirror film located at the end face of the light 
emitting regions 200, and is therefore formed as a multi-layer 
film combining a low refractive index material layer and a high 
refractive index material layer, for example, a multi-layer 
film of dielectric materials comprising two or more pairs of 
H 10 (Si0 2 /Ti0 2 ) . This constitution allows it to increase the 
p reflectivity by increasing the number of pairs of layers , While 

£i Si0 2 is used as the low refractive index material and Ti0 2 is 

Zl used as the high refractive index material to form the 

u 

multi-layer film that constitutes the insulation film 113 in 

2 

!f; 15 the example described above, the present invention is not 
^ limited to this constitution and the following materials may 

D also be used to form the multi-layer film that serves as the 

mirror film. For the low refractive index material layer, Mg0 2 , 
A1 2 0 3/ SiON, MgO and the like can be used besides Si0 2 . For the 
20 high refractive index material layer, Zr0 2 , Nb 2 0 5 , Ta 2 0 5 , SiN x , 
AIM, GaN and the like can be used besides Ti0 2 . By combining 
these materials, the multi-layer film of dielectric materials 
that does not absorb the light of the emission wavelength can 
be formed. 
25 (Formation of the p pad electrode) 
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Then a p pad electrode 1?1 is formed as shown in Fig. 16 
that comprises a portion 121a of round shape (a circle having 
a radius substantially equal to the radial dimension of the fan 
shaped light emitting region with the center at the light 
5 emitting point) for connecting the exposed p-type electrode 111 
and a pad portion 121b that is connected to the round portion 
121a via the neck portion 21c. The p pad electrode is formed 
from Ni (1000 A) /Ti (1000 A) /Al (8000 A), for example. 
(Formation of the n pad electrode) 

U 10 Then the n pad electrode 12 2 is formed on the n-type 

G 

O electrode 112 that has been exposed, for the purpose of bonding 

m for electrical connection to the n-type electrode 112. The n 

Qjj pad electrode is formed from Ni (1000 A) /Ti (1000 A) /Al (8000 

A), for example. 

r? 15 The concentrating point emission type light emitting 

f* element of the second embodiment that has the electrode 

O arrangement shown in Fig. 17 is manufactured as described above . 

Since the concentrating point emission type light 
emitting element of the second embodiment that has the 
2 0 constitution described above has the waveguide formed in each 
light emitting region, light emitted from the light emitting 
regions 2 00 is directed through the waveguide toward the light 
emitting point, reflected on the conical surface of the cavity 
152 and is output through the light emitting point 150 that is 
25 the opening formed in the p-type electrode. 
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With this constitution, since light emitted from the 
light emitting regions 200 is concentrated at the light emitting 
poinc 150 and is output therefrom, light emission with high 
luminance is achieved. 
5 Also in the concentrating point emission type light 

emitting element of the second embodiment, since the reflector 
surface having conical shape is constituted from the cavity 152 
of conical shape, spot light of near true circle can be obtained. 
Also in the concentrating point emission light emitting 

10 element of the second embodiment, the cavity 152 of extremely 
small conical shape of the diameter of the circular mask 151 
can be easily formed, and satisfactory spot light of single mode 
can be obtained. 

Since the concentrating point emission type light 

15 emitting element of the second embodiment has the stacked 
semiconductor structure formed with the gallium nitride 
compound semiconductor element, spot light of relatively short 
wavelengths such as yellow, blue and violet colors as well as 
ultraviolet region can be obtained, 

2 0 Variation of Embodiment 2 

Although the reflector surface having conical shape is 
constituted from the cavity 152 of conical shape in the second 
embodiment, the present invention is not limited to this 
constitution and a refracting surface having conical shape may 

25 be formed as described below, so that concentrated light is 
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output from the light emitting point. 

Specifically, as shown in Fig, 18, in the stacked 
semiconductor structure located right below the light emitting 
point, such a recess of pyramidal shape is formed so as to reach 
5 at least the n-type semiconductor layer that expands toward the 
light emerging point, and the recess is filled with a 
transparent material 152a that has a refractive index higher 
than that of the active layer . 

With the constitution described above, light emitted in 
10 the light emitting regions and directed toward the light 
emerging point is refracted due to the difference in the 
refraction index between the semiconductor layer (mainly the 
active layer) and the transparent material 152a that has a high 
refractive index in the conical surface of the recess, so as 
15 to proceed upward in the transparent material 152a. 

Thus light is^output through the light emitting point 150 
upward. 

Effects similar to those of the second embodiment can also 
be achieved with the constitution described above, 

2 0 Although the light emitting regions are formed in 

straight lines arranged radially around the light emitting 
point at the center in the second embodiment, the present 
invention is not limited to this configuration and curved light 
emitting regions 201 may be formed as shown in Fig. 19. 

25 Effects similar to those of the second embodiment can also 
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be achieved and the light emitting regions may be made longer 
with the constitution described above. 

Although the concentrating point emission light emitting 
element of the second embodiment is made in such a constitution 
5 that has the light emitting regions of double hetero junction 
structure wherein the n-type contact layer 103, the n-type 
cladding layer 104, the active layer 105, the p-type cladding 
layer 106 and the p-type contact layer 107 that are formed from 
gallium nitride compound semiconductor element are grown one 

10 on another successively, the present invention is not limited 
to this constitution and it suffices to employ such a structure 
as at least the active layer is capable of confining light in 
the direction of thickness sandwiched by layers of higher 
refractive index (smaller band gap) than the active layer. 

15 n-type and p-type optical guide layers may also be formed 

between the n-type cladding layer 104 and the active layer 105 
and between the active layer and the p-type cladding layer 106. 

Also the light emitting regions are formed in fan shape 
in the second embodiment, but the present invention is not 

20 limited to this configuration. 

Moreover, while gallium nitride compound is used in the 
second embodiment, the present invention is not limited to this 
configuration and other semiconductors such as GaAs or InGaP 
may be used. 

25 Furthermore, although the pyramidal surface is formed in 
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conical shape in the second embodiment, the present invention 
is not limited to this configuration. For example, such a 
pyramidal surface may be employed that consists of faces 
inclined so that light propagating in the waveguide of the light 
5 emitting regions is refracted or reflected so as to be directed 
upward (perpendicular to the surface) • 

Also the second embodiment has been described by taking 
a particular stacked semiconductor structure as an example, but 
the present invention is not limited to this constitution. 

m 10 Besides the stacked semiconductor structure described 

O 

O above, for example, such a stacked semiconductor structure may 

fS be employed as described below: the buffer layer 102 having 

ass. 

f z l thickness of 200 A made of AlGaN, an undoped n-type GaN layer, 

the n-type contact layer 103 made of GaN having total thickness 
Jf 15 of 4 jim doped with 2 . bXlo 1B / cm 3 of Si, a crack prevention layer 
H- made of In x Ga a _ x N (0.1 ^ x ^ 0.15) having thickness of 1000 to 

O 1500 A, a cladding layer made of GaN, an n-type guide layer having 

thickness of 2000 A made of Si-doped (InGaN/GaN) of super 
lattice structure, six sets of (GaN barrier layer/InGaN active 
20 layer/GaN cap layer) for light emitting layer and a last barrier 
layer made of GaN are formed on the substrate 101 having a mask 
formed thereon. Then a p-type cap layer made of Al^Ga^N (0 ^ 
x ^ 0.35) doped with Mg having thickness of 100 to 350 A, a 
p-type guide layer having thickness of 2000 A or less made of 
25 Mg-doped (InGaN/GaN) of super lattice structure, a p-type 
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cladding layer having thickness of 6000 A or less made of 
Mg-doped GaN, and a p~type contact layer having thickness from 
150 to 200 A made of Mg-doped p-type GaN may be formed 
successively into stacked semiconductor structure. 
5 Although the cavity 152 that is closed at the apex is 

formed below the light emitting point 150 in the second 
embodiment, the present invention is not limited to this 
configuration and a pyramidal cavity 152b (having pyramidal 
surface 153b) that opens at the top may be used as shown in Fig. 
10 20. 

Such a constitution with the cavity that opens at the top 
makes it possible to emit light to the outside more efficiently 
than the closed cavity 152 (Fig. 21A) since light entering the 
cavity emerges to the outside without being confined within the 
15 cavity as shown in Fig. 21B. 
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